
Additive Manufacturing
Special Operations Forces Capability Production at the Point of Need



Agenda

‐ Additive Manufacturing-Definition
‐ Benefits
‐ Challenges
‐ AM is a Growth Industry
‐ Non-competitive Collaboration
‐ AM in DoD
‐ Future for SOF
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What is Additive Manufacturing

3https://www2.deloitte.com/content/dam/insights/us/articles/additive‐manufacturing‐3d‐opportunity‐in‐aerospace/DUP_706_Figure1_AM_process_flow.jpg

https://youtu.be/kKQ5KwFwW_s


Benefits of AM

‐ Improved design options (lattice, truss and cellular design)
‐ Design for AM (Part count reduction)
‐ Customization 
‐ AM Production Benefits
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Design Options

5http://2biy4djn37s2xoe622u8h9g1.wpengine.netdna‐cdn.com/wp‐content/uploads/2017/01/aec224c21d159255_org.jpg

http://www.fit‐america.com/img/products/adme.jpg

http://www.prototypetoday.com/images/index/k2/akec%203
d%20act%20hip%20system%20with%20cfda%20approval.jpg



Design for AM

6https://i1.wp.com/www.blogdot.tv/wp‐content/uploads/2018/05/gm‐and‐autodesk‐using‐additive‐manufacturing‐for‐lighter‐vehicles.jpg

https://www.renishaw.com/media/img/en/a0923141ed2741c49259b64252fc09f4.png



Customization

7https://damassets.autodesk.net/content/dam/autodesk/www/solutions/additive‐manufacturing/custom‐tailored‐components‐image‐thumb‐600x300.jpg

https://cdn‐images‐1.medium.com/max/1600/1*jsJzs8wj0hUcviHsZpsKOg.jpeg



Traditional Production

8Wolhers Report 2018



AM Production Benefits

9Wolhers Report 2018

‐ Distributed production
‐ Elimination of tooling
‐ Agile manufacturing and reduced lead time
‐ Closes gap from developer to consumer
‐ Inventory Reduction and parts consolidation
‐ Sustainability and waste reduction



Successful AM Cases—GE Aviation 

‐ GE used AM part consolidation for CT7 helicopter engine
‐ Engine redesign resulted in 40% engine made with AM parts
‐ Consolidated 900 parts into 16 
‐ Weight reduction by 35%
‐ Cost reduction 40%

‐ Combustion chamber inside engine:
‐ Typically 5-6 engineers takes a year to design/test; 
‐ Using AM one engineer redesigned/tested in six months
‐ Reduced weight by 30%
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Successful AM Cases—GE Aviation

‐ GE used AM part consolidation for Advanced Turboprop engine
‐ January 2018 engine new design
‐ Consolidated 855 parts into 12 
‐ Weight reduction by 100 lbs.
‐ Reduced fuel consumption by 20%
‐ Gained 10% more power
‐ Resulted in reduced maintenance, overhead with documentation, inspection, 

production planning/control
‐ Reduced assembly line “footprint”

11Wolhers Report 2018 https://youtu.be/BnBMN0zgB10?t=154

https://youtu.be/BnBMN0zgB10?t=154


Challenges of AM

‐ Operating cost
‐ Price of AM machines
‐ Cost of build materials

‐ Machine-to-machine variability
‐ Challenge in traditional manufacturing
‐ Increased challenge distributed (austere)

‐ Quality control
‐ Intellectual property infringement
‐ Cyber Vulnerabilities
‐ Culture

12Wolhers Report 2018



AM is a Growth Industry

‐ Industry growth continues to grow

‐ Last 29 years of worldwide revenues AM products/services grew 26.6% each 
year (excludes company internal investment)

‐ 2017 industry grew 21% to $7.336B worldwide
‐ Product-AM systems, upgrades, materials and aftermarket products
‐ Services-parts produced by AM service providers, maintenance contracts, 

training, seminars etc.
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America Makes
‐ Leading collaborator to innovate and 

accelerate AM and 3DP to increase our 
nation’s global manufacturing competitiveness

‐ Public Private Partnership
‐ $65M gov’t investment
‐ $68M private sector investment

‐ Non-competitive collaboration

‐ Membership from industry, academia, gov’t

‐ In 2017, 200+ member organizations
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‐ Created DoD AM Roadmap collaboration with 
USA, USAF, DON, DLA

https://youtu.be/HZk6j9SwGxY

https://youtu.be/EWY7x6yGqzQ

https://www.americamakes.us/our_work/technology‐roadmap/

https://youtu.be/HZk6j9SwGxY
https://youtu.be/EWY7x6yGqzQ


Demonstrated Capability Production

https://3dprint.com/167567/3d‐printed‐grenade‐launcher/ 15

‐ US Army Manufacturing Technology 
(ManTech), US Army Research, 
Development and Engineering 
Command (RDECOM), and national 3D 
printing accelerator America Makes 
printed a grenade launcher

‐ 6 months

‐ Two RDECOM R&D centers – the US 
Army Research Lab (ARL) and the US 
Army Edgewood Chemical and 
Biological Center (ECBC) participated in 
manufacturing the munition

‐ First successfully test fired 3DP weapon



Current AM in DoD

‐ Supply Chain/Readiness
‐ AM Center of Excellence (Rock Island Arsenal)
‐ Rapid Fabrication via Additive manufacturing on the Battlefield

(R-FAB) / Digital Repository for AM Parts for Tactical & 
Operational Readiness (RAPTOR)

‐ Customized service member solutions
‐ Rapid Equipping Force (REF) Ex Lab
‐ Mobile Technology & Repair Complex (MTRC)
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AM Center of Excellence

‐ LOE 1:  Develop and Implement Coordinated Policy 
and Doctrine for AM

‐ LOE 2: Develop and Implement the Digital Thread for 
AM 

‐ LOE 3: Develop and Establish Equipment for AM

‐ LOE 4: Develop Comprehensive Training to Support AM 

‐ LOE 5: Execution of the AM Plan to Support Tactical 
and Operational Environments
‐ Enhance Warfighter Capability
‐ Increase Tactical and Operational Readiness
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AM Campaign Plan was developed under Secretary of the Army and Army Senior 
leadership guidance to integrate/synchronize Army AM Capabilities and operationalize 

AM to increase tactical/operational readiness and enhance warfighting capabilities



Rapid Fabrication via Additive manufacturing 
on the Battlefield (R-FAB) 
‐ R-FAB readiness gains through printing battle 

damage assessment repair (BDAR) and 
Emergency Repair parts in the field 

‐ Field print temporary parts wait on OEM parts

‐ Test bed to integrate and demonstrate evolving 
AM technologies; database of files; informs AM 
CoE

‐ Print capabilities: Variety of parts – from soft 
rubbers to high strength KEVLAR reinforced 
Nylon
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R-FAB 

3D Print Examples

US Army DEVCOM Info Brief, 12 FEB 19



Digital Repository for AM Parts for Tactical & 
Operational Readiness (RAPTOR)

‐ Soldiers entry to Digital Thread

‐ Easy-to-use interface linking soldier to part –
Graphic User Interface (GUI) is intuitive

‐ Multiple part file search options

‐ Developed expeditionary applications – However, 
scalable from point-of-need to enterprise 
deployment

‐ Provides Soldier to engineering reach back – Other 
RDECs within RDECOM – LCMCs, PMs etc –

19US Army DEVCOM Info Brief, 12 FEB 19



Rapid Equipping Force Ex Lab
‐ Started in 2012
‐ To connect scientists, engineers and 

Soldier in deployed locations
‐ 3D printing and rapid prototyping
‐ Sewing, machining, electrical
‐ Located in Afghanistan
‐ Has communication reach back to 

technical SMEs
‐ Deliver goal: 180 days usually <30 

days
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Expeditionary Capability in Austere Environment

3D Print Examples

https://www.ref.army.mil/Projects



Mobile Technology & Repair Complex (MTRC)
‐ Responsive point of need engineering 

support austere or limited support 
locations

‐ 2 person team (Engineer/SOF 
Technician)

‐ Engineering support
‐ CAD, 3D printing, documentation, risk 

management
‐ Welding, machining, carpentry / 

electrical
‐ Kydex & Sewing
‐ Limited / Weapons / Communications 

maintenance Support 21

Expeditionary Capability in Austere Environment

Tourniquet Shape Charge

3D Print Examples



Analysis
‐ AM is an evolution in manufacturing—not the revolution yet
‐ Design for AM has tremendous benefits but still not seeing strong end-item 

production—GE major success with AM but still rely on traditional manufacture in a 
controlled environment

‐ Strong growth and becoming more mainstream technology—cost will continue to drop 
as tech increases

‐ DoD is committed
‐ IP is a large barrier in AM capability development—less in supply chain (can ERO parts) 

and readiness but still a large issue 
‐ IP policy is a start but needs to be focused on design for AM complete end-item 

production
‐ Collaborative relationships offer compounded benefits for AM

‐ Within DoD, Army and non-competitive (ex. America Makes)
‐ Themes among DoD: Digital thread, technical reach-back, collaboration across industry, 

design for AM
22



Recommendations for Future AM in SOF
1. Leverage Army

₋ IP Policy update—culture of collaboration/design for AM end-item production
₋ AM CoE—supply chain efficiencies/data repository

2. Explore partnership with America Makes
₋ Collaboration with consortium of AM SMEs for future options
₋ Explore partnership with AM service provider for low quantity/high 

complexity builds
3. Metals and continuous fiber filament 3D printers are the next evolution from a 

process/material standpoint—price affordable
4. Pursue reach back from remote locations
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Additive Manufacturing Processes

https://insights.globalspec.com/images/assets/447/7447/Seven_additive_manufacturing_processes_according_to_ASTM_Committee_F42_on_Additive_Manufacturing_Source_Boeing.png



Additive Manufacturing Materials

http://3dprintingpress.blogspot.com/2014/08/additive‐manufacturing‐material.html



Additive Manufacturing Standards

https://www.designworldonline.com/wp‐content/uploads/2016/11/p16.jpg
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